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Amendments based on PCT Regulation Article 34 
Received by the International Bureau on 13.09.1999 

1. In the Specification: 

Replace Pages 1, 4, 12, 18, 27, 28, 34, 36, 38 and 39 with attached respective 

pages. 

2. In the Claims: 

Change the claims as follows: 

1. (twice amended) A low-resistance resistor comprising: 
a resistor element made of metal sheet; and 

a metal terminal disposed at both ends of said resistor element, said 
terminal being made of metal having electrical conductivity greater than that of said 
resistor element, and having a groove of a width fittable to said resistor element; 



connected by inserting said resistor element into said groove with a third metal 
inbetween. 

2. (amended) The low-resistance resistor as defined in Claim 1, 
wherein a thickness of said terminal is thicker than a total thickness of said resistor 
element. 



wherein said resistor element and said terminal are electrically 



3. (deleted) 





2 



4. (amended) The low-resistance resistor as defined in Claim 1, 
wherein at least a part of a surface of said resistor element is covered with an 



insulating layer. 



5 



5. (amended) The low-resistance resistor as defined in Claim 4, 



wherein said insulating layer completely covers said resistor element. 

6. (amended) The low-resistance resistor as defined in Claim 4, 
wherein said insulating layer is made of at least one of epoxy resin, polyimide resin, 
10 and poly-carbodiimide resin. 



15 faces of said resistor element; 

a terminal having a groove of a width equivalent to a sum of a 
thickness of said resistor element and said insulating substrate; and 



20 connected through said third metal. 

8. (amended) The low-resistance resistor as defined in Claim 7, 
wherein said insulating substrate is made of one of alumina, glass, glass impregnated 
epoxy resin substrates, and paper impregnated phenolic resin substrates. 

25 



7. (amended) A low-resistance resistor comprising: 
a resistor element made of metal sheet; 

an insulating substrate disposed at least on one of top and bottom 



a third metal formed between said resistor element and said groove; 
wherein said resistor element and said terminal are electrically 





3 



9. (amended) The low-resistance resistor as defined in Claim 7, 
wherein an insulating layer covers a part of a surface of said resistor element. 

10. (amended) The low-resistance resistor as defined in Claim 7, 

5 wherein a thickness of said terminal is at least three times of a sum of a thickness of 
said resistor element and a thickness of said insulating substrate. 



terminal being made of metal having greater electrical conductivity than that of said 
resistor element, and having an L shape section face; 

wherein said resistor element and said terminal are electrically 
connected through a third metal. 

15 



10 



11. (amended) A low-resistance resistor comprising: 
a resistor element made of metal sheet; and 

a metal terminal disposed at both ends of said resistor element, said 



12. (amended) The low-resistance resistor as defined in Claim 11, 
wherein at least a part of a surface of said resistor element is covered with an 



insulating layer. 



20 



13. (amended) A low-resistance resistor comprising: 



a resistor element made of metal sheet: 



an insulating sheet attached to at least one face of said resistor 



element; and 





4 



a metal terminal disposed at both ends of said resistor element, said 
terminal being made of metal having greater electrical conductivity than that of said 
resistor element, and having an L shape section face; 

wherein said resistor element and said terminal are electrically 
5 connected through a third metal. 

14. A resistor comprising: 

a metal resistor element provided with a step between both ends by 
making a thickness of said both ends thicker than a central portion; and 
10 a metal terminal disposed at both ends of said resistor element, said 

terminal having a one-side-open section face with an inner space broader than its 
opening, and being electrically connected to said step of said resistor element at least 
at said inner space of the opening. 

15 15. (amended) A low-resistance resistor comprising: 



a resistor element made of metal sheet; 



an insulating substrate; and 



at least two metal terminals formed in a way to electrically connect top 



and bottom faces of said insulating substrate; 



20 



wherein said resistor element and said metal terminals are electrically 



connected through a third metal. 



25 



16. (amended) The low-resistance resistor as defined in Claim 15, 
wherein at least a part of a surface of said resistor element is covered with an 
insulating layer. 



17. (amended) The low-resistance resistor as defined in Claim 15, 
wherein said insulating substrate is made of one of alumina, glass, glass impregnated 
epoxy resin substrates, and paper impregnated phenolic resin substrates. 

5 

18. (amended) A low-resistance resistor comprising: 
a resistor element made of metal sheet; and 

four metal terminals, said terminals being disposed one each on top 
and bottom faces at both ends of said resistor element, and electrically connected to 
10 said resistor element through third metal. 

19. The resistor as defined in Claim 18, wherein a width of said 
terminals are not less than a width of said resistor element. 

15 20. The resistor element as defined in Claim 18, wherein said 

terminals disposed on top and bottom faces at both ends of said resistor element are 
electrically connected to each other. 

21 . A resistor comprising: 
20 a metal resistor element having a notch near both ends; and 

a metal terminal disposed at both ends of said resistor element, said 
terminal having a protrusion corresponding to said notch; 

wherein said resistor element and said terminal are electrically 
connected at least through said protrusion and said notch. 



25 
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22. A resistor comprising: 



a metal resistor element having at least two through holes; and 



a metal terminal having at least one protrusion with a same shape as 



said through holes; 



5 



wherein at least one protrusion of said terminal is inserted to at least 



one through hole of said resistor element, and at least one face of said terminal is 
electrically connected to said resistor element. 

23. (amended) The low-resistance resistor as defined in Claim 18, 
10 wherein at least a part of a surface of said resistor element is covered with an 

insulating layer. 

24. (twice amended) The low-resistance resistor as defined in Claim 
21, wherein at least a part of a surface of said resistor element is covered with an 

1 5 insulating layer. 



25. (twice amended) The low-resistance resistor as defined in Claim 
22, wherein at least a part of a surface of said resistor element is covered with an 



insulating layer. 



20 



26. (deleted) 



27. (deleted) 
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28. (amended) A method for manufacturing a low-resistance resistor 

comprising: 

forming a resistor element made of metal sheet, said resistor element 
having a shape adjusted to obtain a predetermined resistance; 
5 forming a metal terminal having a groove; 

fitting said terminal to both ends of said resistor element; and 
electrically connecting said resistor element and said terminal; 
wherein a third metal layer is formed on at least one of at least 
connecting portion of said resistor element and at least connecting portion of said 
10 terminal before fitting said terminal. 

29. (amended) The method for manufacturing a low-resistance 
resistor as defined in Claim 28, further comprising the step of forming an insulating 
layer except on said terminal after said step of electrical connection. 

15 

30. A method for manufacturing a resistor comprising: 

forming a terminal made of a metal foil pattern with a predetermined 
shape on a part of top and bottom faces of an insulating substrate, said terminal being 
electrically connected to top, side, and bottom faces of said insulating substrate; 
20 dividing said insulating substrate into a predetermined shape; 

forming a metal resistor element, said resistor element having a shape 
adjusted to obtain a predetermined resistance; 

electrically connecting said resistor element to the metal foil pattern 
on the top face of said insulating substrate. 



25 
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31. A method for manufacturing a resistor comprising: 

forming a metal resistor element, said resistor element being adjusted 
to obtain a predetermined resistance; 

forming a block of metal terminal having at least one protrusion; 
5 creating at least two through holes at a predetermined position of said 

resistor element; 

inserting at least one of said protrusion into at least one of said 

through hole; 

folding an open side of said terminal to hold said resistor in a 
10 thickness direction; and 

electrically connecting said resistor element and said terminal. 

32. (amended) The method for manufacturing a low-resistance 
resistor as defined in one of Claims 28, 29, 30, and 31, wherein said terminal is 

1 5 electrically connected to both ends of said resistor element by one of pressing, 

caulking, and cold forging, and then one of heating, thermal compression bonding, 
brazing, and ultrasonic welding. 

33. (amended) The method for manufacturing a low-resistance 

20 resistor as defined in Claim 28, wherein said step of forming said third metal layer is 
implemented by one of plating and paste printing. 



25 



34. The method for manufacturing a resistor as defined in one of 
Claims 28, 29, 30, and 31, wherein said step of electrically connecting said resistor 
element and terminal comprises : 



coating said at least one of said resistor element and terminal with 
metal different from that used for forming said resistor element and said terminal; 

connecting said resistor element and said terminal, after assembling 
coated resistor element and terminal, by one of brazing, pressing, and ultrasonic 
welding. 

35. A method for manufacturing a resistor comprising: 
forming a metal resistor element, said resistor element having a shape 
adjusted to obtain a predetermined resistance; 

forming one of a notch and groove at a predetermined position of said 

resistor element; 

forming a block of metal terminal with a predetermined shape, said 
terminal having at least one protrusion; 

sandwiching said resistor element with said terminal, and inserting 
said protrusion into one of said notch and groove; and 

electrically connecting said resistor element and said terminal. 

36. A method for manufacturing a resistor comprising: 

forming a resistor element made of metal sheet, said resistor element 

having a shape adjusted to obtain a predetermined resistance; and having one of at 

least two through holes, notches, grooves, and cavities; 

forming a terminal made of metal strip, said terminal being one of 

sandwiched and folded on top, bottom, and side faces at both ends of said resistor 

element, and a part of metal being inserted and fixed to one of said through holes, 

notches, grooves, and cavities of said resistor element; and 



10 



electrically connecting said resistor element and said terminal. 

37. (amended) The method for manufacturing a low-resistance 
resistor as defined in Claim 29, wherein a step of trimming resistance is added before 

5 said step of forming said insulating layer. 

38. (deleted) 

39. (deleted) 

40. (deleted) 

41. (deleted) 
15 42. (deleted) 

43. (deleted) 

44. (added) The low-resistance resistor as defined in Claim 2, 

20 wherein a thickness of said terminal is at least three times of a total thickness of said 
resistor element. 



10 
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T,OW.l*FSTSTANCE RESISTOR AND ITS MANUFACTURING METHOD 



FIELD OF THE INVENTION 

The present invention relates to the field of low-resistance resistors 
referred to as "resistors"^ used for detecting current in a current-carrying circuit as a 
voltage, and their manufacturing method. 



BACKGROUND OF THE INVENTION 

The conventional resistor of this type is disclosed in Japanese Laid-open 

Patent No. H6-20802. 

A conventional resistor is described below with reference to drawings. 
Fig. 29 (a) is a perspective, and Fig. 29 (b) is a sectional view of the 

conventional resistor. 

In Figs. 29 (a) and (b), a resistor element 1 is a rectangular parallelepiped 
resistance metal made of an alloy of nickel, chromium, aluminum, and copper, and it 
has an integrated structure with opposing ends 2 and 3. A conductive material such 
as solder is coated on both ends 2 and 3 of the resistor element 1, typically by plating, 
to form terminals 4 and 5. A central portion 6 is the central area of the resistor 
element 1, excluding the terminals 4 and 5, and this central portion 6 is bent against 
the terminals 4 and 5 in order to create a gap between the resistor and a substrate 
when the resistor is mounted on the substrate. An insulating material 7 is provided 
on the central portion 6 of the resistor element 1. 
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difficult even when the measuring point is specified, thus decreasing the 
reproducibility of the resistance measurements. 



5 SUMMARY OF THE INVENTION 

The present invention aims to address the above disadvantage of the prior art, 
and offers a resistor which assures highly accurate measurement of resistance even if 
the measuring point is not precisely placed. 
10 To so i ve the aforementioned disadvantage of the conventional resistor, the 

resistor of the present invention comprises a sheet metal resistor element and separate 
metal terminals electrically connected to both ends of the sheet resistor element. 
These terminals are made of metal having the same or greater electrical conductivity 
than that of the resistor element. Tfrp. terminals and the resistor element are 
15 mnnftcted th rough a third metal. 

With the above configuration, resistance of the terminals can be made 
smaller than that of the resistor element because the terminals are made of a material 
having the same or greater electrical conductivity than that of the resistor element. 
This enables to reduce the proportion of resistance of the terminals in the entire 
20 resistor, allowing to ignore its effect on fluctuation of resistance due to deviation in 
measuring points of a resistance measuring terminal. The present invention can thu: 
assure reproducibility of highly accurate measurement of resistance, providing the 
resistor which assures highly accurate measurement of resistance even if the 
measuring point is not precisely placed. 
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BRIEF DESCRIPTION OF THE DRAWING 
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point are magnified, making it inappropriate for practical use. Accordingly, the first 
and second terminals 12 and 13 are made of a material having electrical conductivity 
equivalent to or greater than that of the resistor element 11. 

Deviations in resistance due to the position of measuring point may also be 
5 reduced by making the thickness t of the first and second terminals 12 and 13 greater 
than the thickness T of the resistor element 11 to achieve allowable dispersion in 
resistance fully satisfying in-house specification. In particular, the thickness t of the 
first and second terminals 12 and 13 may be required to be three times or more 
greater than the thickness T of the resistor element 11 to achieve allowable dispersion 
10 in resistance fully satisfying in-house specification. 

Fig. 3 shows another example of a resistor in the first exemplary embodiment 

of the present invention. 

In Fig. 3, a third conductive metal layer 15 is provided between the resistor 
element 11 and the first terminal 12 and between the resistor element 11 and the 
15 second terminal 13 to provide an electrical connection between the resistor element 

11 and the first terminal 12, and between the resistor element 11 and the second 
terminal 13. For bonding the resistor element 11 and the first and second terminals 

12 and 13, a range of methods may be used: (1) brazing after inserting a third 
conductive metal such as copper, silver, gold , tin, and solder between the resistor 

20 element 11 and the first and second terminals 12 and 13; £2) plating the resistor 
element 11 and first and second terminals 12 and 13, and thermal compression 
bonding after fitting the resistor element 11 into the first and second terminals 12 and 
13; and (2) applying conductive paste to the resistor element 11 and the first and 
second terminals, and then thermosetting after fitting the resistor element 11 into the 

25 first and second terminals 12 and 13. 




I* 

; v ^ 

than the diameter R of the resistor element 29, and length w shorter than the length L 
of the resistor element 29. 

In Fig. 8 (b), a metal wire such as of copper-nickel alloy, nickel-chromium 
alloy, or copper-manganese-nickel alloy is cut into the resistor element 29 having a 
5 predetermined sheet shape and predetermined resistance, obtained by the volume 
resistivity, section area, and length. 

In Fig. 8 (c), both ends of the resistor element 29 is fitted to the groove 32 of 
the first and second terminals 30 and 31, and they are thermally pressed in the 
vertical direction of the terminal (direction of holding the resistor element). 

10 In Fig. 8 (d), a protective film 33 made such as of a film of epoxy resin, 

polyimide resin, or poly-carbodiimide resin is cut, punched, or pressed into a 
predetermined shape, placed over and below the resistor element 29 (not illustrated). 
The protective film 33 is formed on the top, bottom, and side faces of the resistor 
element 29 by thermal compression bonding or ultrasonic welding to complete the 

15 resistor in the fifth exemplary embodiment. 

Both ends of the resistor element 29 may be inserted to the groove 32 of the 
first and second terminals 30 and 31 from the open side or from the side face of the 
first and second terminals 30 and 31. 

For bonding the resistor element 29 and the first and second terminals 30 and 

20 31, a range of methods may be used: (1) brazing after inserting a third conductive 
metal such as copper, silver, gold, tin, or solder between the resistor element 29 and 
the first and second terminals 30 and 31; (2) plating and thermo compression bonding 
the resistor element 29 and first and second terminals 30 and 31; and (3) applying 
conductive paste to the resistor element 29 and the first and second terminals 30 and 

2 5 31, and then thermosetting after fitting the resistor element 29 into the first and 
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described for the resistor in the first exemplary embodiment using Fig. 2. However, 
in the eleventh exemplary embodiment, the first and second terminals 60 and 61 
having the L-shape section face are formed instead of the shape of the first and 
second terminals illustrated in Fig. 2 (a). In a process corresponding to Fig. 2 (c), 
5 the resistor element 59 is placed on the first and second terminals 60 and 61. For 
bonding the resistor element 59 and the first and second terminals 60 and 61, a range 
of methods may be used: (1) brazing after inserting a third conductive metal such as 
copper, silver, gold, tin, and solder between the resistor element 59 and the first and 
second terminals 60 and 61; and (2) applying conductive paste to the resistor element 
10 59 and the first and second terminals 60 and 61, and then thermosetting after fitting 
the resistor element 59 into the first and second terminals 60 and 61. 

Twelfth exemplary embodiment 
A resistor in a twelfth exemplary embodiment of the present invention is 
15 described below with reference to drawings. 

Fig. 16 is a sectional view of the resistor in the twelfth exemplary 
embodiment of the present invention. 

In Fig. 16, a resistor element 64 is made typically of copper-nickel alloy, 
nickel-chromium alloy, or copper-manganese-nickel alloy. An insulating sheet 65, 
20 made such as of alumina, glass, glass impregnated epoxy resin, or paper impregnated 
phenolic resin, is attached to the top face of the resistor element 64. First and 
second terminals 66 and 67 have an L-shape section face, and are provided and 
electrically connected to both ends of the resistor element 64. The first and second 
terminals 66 and 67 are made of metals such as copper, silver, gold, aluminum, 
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copper nickel, or copper zinc with the same or greater electrical conductivity than 
that of the resistor element 64. The insulating sheet 65 may also be attached to the 
bottom face of the resistor element 64. 

A method for manufacturing the resistor in the twelfth exemplary 
5 embodiment as configured above is basically the same as that described for the 

resistor in the eleventh exemplary embodiment. However, in the twelfth exemplary 
embodiment, the first and second terminals 66 and 67 having the L-shape section 
face are formed instead of the shape described in Fig. 2 (a). In a process 
corresponding to Fig. 2 (b), a metal sheet or metal strip such as of copper-nickel alloy, 

10 nickel-chromium alloy , or copper-manganese-nickel alloy is formed into the resistor 
element 64 having a predetermined sheet shape and predetermined resistance, 
calculated from the volume resistivity, section area, and length, through a range of 
processes including cutting, punching, and pressing. Then, the insulating sheet 65, 
made such as of alumina, glass, glass impregnated epoxy resin, or paper impregnated 

1 5 phenolic resin, with the same two-dimensional size as the resistor element 64, is 

obtained by dividing, cutting, punching, or pressing, and the resistor element 64 and 
insulating sheet 65 are pasted. In a process corresponding to Fig. 2 (c), the resistor 
element 64 is placed on the first and second terminals 60 and 61. For bonding the 
resistor element 64 and the first and second terminals 66 and 67, a range of methods 

20 may be used: (1) brazing after inserting a third conductive metal such as copper, 

silver, gold, tin, and solder between the resistor element 64 and the first and second 
terminals 66 and 67; and (2) applying conductive paste to the resistor element 64 and 
the first and second terminals 66 and 67, and then thermosetting after fitting the 
resistor element 64 into the first and second terminals 66 and 67. 



25 




34 

resistor in the first exemplary embodiment using Fig. 2. In a process corresponding 
to Fig. 2 (a), four rectangular parallelepiped terminals are formed. In a process 
corresponding to Fig. 2 (c), the first and third terminals 91 and 93 are bonded to the 
top face of both ends of the resistor element 90, using processes such as: (1) inserting 
5 a third conductive metals such as copper, silver, gold, tin, or solder between the 
resistor element and terminals, disposing the first and third terminals 91 and 93 on 
the top face of both ends of the resistor element 90, and brazing; or (2) applying 
conductive paste to the resistor element 90 and the first and third terminals 91 and 93, 
disposing the first and third terminals 91 and 93 on the top face of both ends of the 

10 resistor element 90, and thermosetting. Then, the resistor element 90 is flipped to 
bond the second and fourth terminals 92 and 94 on the bottom face of both ends of 
the resistor element 90 using the aforementioned processes. The above operation 
may be implemented at once to bond the first, second, third, and fourth terminals 91, 
92, 93, and 94 to the resistor element 90. 

1 5 Fig. 22 is a sectional view of another example of the resistor in the sixteenth 

exemplary embodiment of the present invention. 

A detail which differs from Fig. 21 in fig. 22 is that the first and second 
terminals 91 and 92, and the third and fourth terminals 93 and 94 are electrically 
connected, and each pair of terminals looks like a single terminal. 

20 Accordingly, the manufacturing method of the example shown in Fig. 22 is 

that (1) inserting a third conductive metals such as copper, silver, gold, tin, or solder 
between the resistor element and terminals, disposing the first and third terminals 91 
and 93 on the top face of both ends of the 
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The first and second terminals 98 and 99 are disposed at both ends of the 
resistor element 95. The first notch 96 on the resistor element 95, and the first 
protrusion 100 on the first terminal 98 , and the second notch 97 on the resistor 
element 95 and second protrusion 101 on the second terminal 99 are mechanically 
5 connected respectively. In addition, the resistor element 95 and the first and second 
terminals 98 and 99 are electrically connected. 

A method for manufacturing the resistor in the seventeenth exemplary 
embodiment of the present invention is described next with reference to drawing. 
The manufacturing method of the resistor in the seventeenth exemplary 

10 embodiment of the present invention is basically the same as that described for the 
resistor in the first exemplary embodiment using Fig. 2. However, the shape of the 
first and second terminals differ from that described in Fig. 2 (a). The notches 96 
and 97 are also created on the resistor element 95, which is different from the resistor 
element described in Fig. 2 (b). The first and second notches 96 and 97 are created 

1 5 such as by cutting and pressing after forming the resistor element 95 with a 
predetermined sheet shape and predetermined resistance. In a process 
corresponding to Fig. 2 (c), as shown in Fig. 23, the resistor element 95 is placed on 
the first and second terminals 98 and 99 in a way that the first notch 96 on the resistor 
element 95 fits with the first protrusion 100 on the first terminal 98, and the second 

20 notch 97 on the resistor element 95 fits with the second protrusion 101 on the second 
terminal 99. Then, the resistor element 95 and the first and second terminals 98 and 
99 are bonded and connected using the next methods: (1) brazing after inserting a 
third conductive metal such as copper, silver, gold, tin, and solder between the 
resistor element 95 and the first and second terminals 98 and 99; and (2) applying 

25 conductive paste between the resistor element 95 and the first and second 
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Figs. 25 (a) to 25 (e) are process charts illustrating the manufacturing method 
of the resistor in the eighteenth exemplary embodiment of the present invention. 
As shown in Fig. 25 (a), first and second terminals 105 and 106 have first and second 
protrusions 107 and 108, and are made of metal sheet or metal strip such as of copper, 
5 silver, gold, aluminum, copper nickel, or copper zinc with the same or greater 

electrical conductivity than that of the resistor element 102 using processes such as 
cutting, casting, forging, pressing, and drawing. 

In Fig. 25 (b), a metal sheet or metal strip such as of copper-nickel alloy, 
nickel-chromium alloy, or copper-manganese-nickel alloy is formed into the resistor 
10 element 102 having a predetermined sheet shape and predetermined resistance, 
obtained by the volume resistivity, section area, and length, through a range of 
processes including cutting, punching, and pressing. 

In Fig. 25 (c), the first and second through holes 103 and 104 are created in 
both ends of the resistor element 102 using processes such as punching, cutting, and 
15 laser. 

In Fig. 25 (d), the first protrusion 107 on the first terminal 105 is inserted 
into the first through hole 103 on the resistor element 102, and the second protrusion 
108 on the second terminal 106 is inserted into the second through hole 104 on the 
resistor element 102. 

20 In Fig. 25 (e), the first and second terminals 105 and 106 are bent along the 

circumference of the resistor element 102 by pressing to sandwich the resistor 
element 102 in the thickness direction. 

The first and second terminals 105 and 106 may not necessary have the shape 
shown in Figs. 25 (a) to 25 (e). They may just have an opening sufficient for 
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inserting the resistor element 102, and then caulked after inserting the lement 102 at 
both ends. 

The resistor element 102 and the first and second terminals 105 and 106 may 
be bonded and connected using the next methods: (1) brazing after inserting a third 
5 conductive metal such as copper, silver, gold, tin, and solder between the resistor 
element 102 and the first and second terminals 105 and 106; and (2) applying 
conductive paste between the resistor element 102 and the first and second terminals 
105 and 106, and thermosetting. 

For adjusting the resistance of the resistor in the eighteenth exemplary 
10 embodiment of the present invention, a through groove may be created on the resistor 
element 102 or a part of the surface and/or side of the resistor element 102 may be 
cut by laser, punching, diamond wheel cutting, grinding, etching, and so on while 
measuring the resistance between predetermined points or calculating the required 
processing after measuring the resistance. The resistance may also be adjusted or 
15 corrected at the time of forming the resistor element 102. 

In the first exemplary embodiment as described above, the groove 14 of the 
first and second terminals 12 and 13 is fitted to both ends of the resistor element 11, 
and then the first and second terminals 2 and 13 are thermally pressed in the vertical 
direction (to hold the resistor element 11) so that the first and second terminals 12 
20 and 13 are disposed at the top and bottom faces of the resistor element 11. As a 
result, it has an effect that the resulting resistor may be mounted in either way, 
regardless of the surface and rear face of the resistor. 

In the second exemplary embodiment as described above, a metal sheet is 
corrugated to the thickness direction to form the resistor element 17. An upper limit 
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Claims Amendments 
Received by the International Bureau on 19.01.1999 
1. In the claims: 

Claim 3 in the initial application was withdrawn, Clams 1 and 24 to 25 
in the initial application was amended; other Claims have not been changed. 

1. (amended) A resistor comprising: 

a resistor element made of metal sheet; and 

a separate metal terminal electrically connected to both ends of 

said metal sheet resistor element, 

wherein said terminal is made of a material having electrical 
conductivity not less than that of said resistor element; said terminal has a 
groove of a width equivalent to a thickness of said resistor element; a thickness 
thicker than a total thickness of said resistor element, a width not less than a 
width of said resistor element, and a length shorter than a length of said resistor 
element; 

said resistor element and said terminal are connected by inserting 
both ends of said resistor element into a groove of said terminal, and then 
implementing one of brazing, pressing, and ultrasonic welding; and 

a protective film is formed on said resistor element. 

2. The resistor as defined in Claim 1, wherein said resistor 
element is corrugated in a thickness direction of the metal sheet. 



3. (deleted) 



2 



4. A resistor comprising: 

a resistor element made of metal sheet; 

an insulating sheet disposed at least on one of top and bottom 

faces of said resistor element; and 

a terminal having a concave groove of a width equivalent to a 
sum of a thickness of said resistor element and a thickness of said insulating 
sheet, said terminal being electrically connected to said resistor element. 



5. The resistor as defined in Claim 4, wherein said terminal has a 
groove of a width equivalent to the sum of the thickness of said resistor element 
and the thickness of said insulating sheet; and said terminal has a thickness 
thicker than a sum of the thickness of said resistor element and the thickness of 
said insulating sheet, a width not less than a width of said resistor element, and a 
length shorter than a length of said resistor element. 



3 



24. (amended) The resistor as defined in one of Claims 4, 6, 7, 
8, and 9, wherein a thickness of said terminal is at least three times of that of 
said resistor element. 

25. (amended) The resistor as defined in one of Claims 4, 6, 7, 
8, 9, U, 13, 14, 18, 20, 21, and 22, wherein a second conductive metal is 
interposed between said resistor element and said terminal. 

26. (amended) The resistor as defined in one of Claims 4, 6, 7, 
8, 9, 14, 18, 20, and 22, wherein a protective film is formed on said resistor 
element. 

27. The resistor as defined in Claim 26, wherein said protective 
fflm is .eveled with top and bottom faces of said terminal, and formed within a 
width of said terminal. 

28. A method for manufacturing a resistor comprising: 
forming a resistor element made of metal sheet, said resistor 

element having a shape adjusted to obtain a predetermined resistance; 

forming a block of metal terminal having a concave groove; and 
electrically connecting said terminal and said resistor element by 

fitting said concave groove of said terminal to both ends of said resistor element. 



29. A method for manufacturing a resistor comprising: 



. ' -4 



forming a resistor element made of metal wire, said resistor 
element being adjusted to obtain a predetermined resistance; 

processing said resistor element into a predetermined shape; 

forming a block of metal terminal having a concave groove; and 

electrically connecting said terminal and said resistor element by 
fitting said concave groove of said terminal to both ends of said resistor element. 



• 


«F *F « 










T 571-0 050 


K 







PCT 



(Omm^ PI 70 8 8 FU 



(0.J3.4O 02. 10. 97 




21710 



<B.J3.*P> 



1 1.01.00 



4. a s 



a^H^ifjf (i pea/ j p) 

100-8915 
fUfft B BBHT S 4 * 3 * 



# fp if * * 
StSS^ 03-3581-1101 



5R 



7 3 7 1 



3 5 6 5 



KSPCT/IPEA/4 16 (1 9 9 2¥7£) 



t> & m 



PCT 

2#u ffiltfi ; «fl!l»56*) 
( P C T 3 6 ikRXfP C T*HI70] 



(OmmW.^- P17088-PO 



PCT/ J P ? 8/0 4 4 2 7 



I PEA/4 16) *#B8i-5Ct. 



(B. 



0 1. 10. 9 8 



0 2. 10. 9 7 



gRHfrfFa* (IPC) 

Int. CI' H01C 1/148, 3/00 



i . mw^mm^mm^^t^<omn^mm^m.^mmm.m%^ <p ct 3 e*) ©isi^v^^. 
H c©airHi»«*^tt. onuses*,-*:, row&w^fcs^fcXtf/xfc^MHHMF 

(P C T8UW70. 16S.T/P CT^Jfe^lUfP 6 0 7 

zvmmwmte. 2 2 -^-efcs, - ; ^ 



3. CCiifittSSlt ftrort^^r^tf. 



I 


s 


n 


□ 


m 


□ 


IV 


□ 


V 


a 


VI 


□ 


vn 


□ 


vjh 


□ 



0 7. 0 4. 9 9 


2 1. 12. 9 9 


@^:@«=rFif (I PEA/ J P) 
100-8915 


«fFJt*3S£ , & 0ftPHOfc£«m) 5 R 7 3 7 1 


miS#^ 03-3581-1101 rtJft 3 5 6 5 



«PCT/IPEA/4 0 9 (1 9 9 8¥7J3) 



PCT/JP9 8/044 2 7 



PCTS.IU70. 16, 70. 17) 



2-3, 5-9, 11-14, 16-22, 

[il HIM* « 26-29, 34, 36-49 

^ - - ^ ^—v\ 

ff 1. 1/1. 4, 10. 15, "*-s?; 

23-25, 30-33, 35 
m 14. 19-22,30-31,34-36 g » 

m 

$g 1-2,4-13,15-18,23-25, g » 
28-29, 32-33, 37, 44 
1-3 0 



1 3.0 9.9 9 #«>»tti:#lJl«WS*tfc 1 t>^> 

PCT1 SA^a^S^SWjEStbfct© 

13 d 9 9 9 #©«H!i:#^»ttiS^fc 1 b© 



3. 



±ia<Dtmi«i<Dmsr±, TB^t«**ife<»a^ ^<DH»ffl*©w»^*>s. 

±1b<d*KW\ tib<o«»^*>s ; wcfcSo 

□ BBBSE^fca&fcfcW*^ 

□ PCT^a48.3(b)*iiV*5BB^W<0"BW 

□ BgTHi#^fc^ 

□ i«>BIRttU«»w***tS»Bp^J:SE2W* 

□ C oB^tHffi k $ ttfc 7 ^/u?* -f ^ ^ Ki J: *BJ"J* 

□ ma**:. riOBB^Hi** <*fclMPHE> •■fcaUS*tfc7^i/^/uf'-f ^^fcJ:*BW* 



□ 9M* 



H M*0ttB ^ 3,26-27,38-43 * 



5 ° ^^^;:i5?,^ k ,t^ru^-?jr^ T ^?:^ir»^stst^^ 



IAPCT/IPEA/4 0 9 (fli) (1 9 9 8^7^) 



^# PCT/JP98/04427 



v. m*&* m^ximm^m^mm^xco^i 2* (pct 3 5&(2» me»6jh* 

iiMlS_ — 



Sr&tt (N) 



4 - 2 5. 2 8-3 7 



1-2, 4 4 



iS^tt ( I S) 



If*0®Sffl 7-10. 14-17. 21-22. 24-25, 30-31 



|«*W$5ffl 1-2. 4-6, 11-13. 18-20, 23. 28-29, 32-37, 44 



i*±©#Ufll "HBtt ( I A) 



1-2. 4-25. 28-37. 44 



2. MBfRXmm (PCT&SIJ70.7) 

a* >fccDi&lffl 1 - 2 , 4-6, 11-13, 18-20, 23, 2 8-2 9, 3 2 - 
.^feffll 2^4 mi [ j P, 6 — 2 24 0 1 4 A 

^^2 0 8 9 4) ] **WR2 [JP, 1-1 2 0 8 0 1, A (*5S#ttBSdK 

±< ffl££iVCl^5?S [TP, 55-112 8, A (®U4Wpffc5£fH±) . (o 
7 0 1 8 0) mm X«iv>\ |»*©«Hl-2 f 4 411 fr^^VN, 



iSPCT/IPEA/4 0 9 (IV» (1 9 9 8¥7^) 



rp % t> * m 



PCT 



(8s 8*, ifej»tTaBJ*40, 41*) 
[PCT 18*, PCT8UUJ43, 44] 



tijlSIAXteftSA 

(D#Sta# P17088-PO 


4-«©¥8E*Ko^-Ctt, HR«aE«#<z>aSftffl»**(PCT/l SA/2 2 0) 

RtFFlE 5 *• #HR-f 5 d t = 


P C T/ JP9 8/044.2 7 









HK*««M^^ufcwOBBi»»i*«#«:»iiitTfta'j*4i* (pcti s*) 0>m&\z&^itiKA\cmm-z. 

1. □ M#fl9ttffl<D—ffl5<0lMEa*"C*fl^ (gglflMttft) . 



5. KI&H: □ |lJiAi5fiHJLtt)0*#8t5. 

I - ! 3Bm«l£in£*vC^5J:9l-, ?£ir<fMMi]®47& (pcTSUW38.2(b)) wasSJcJ: 9 



IPS Ka)-(c) B^S. El W«A* s ^Ufct*S9-C*)5. U « ^ 

□ ffi^Alilll^^S^Tl^^. 



iSPCT/ISA/2 10 (gl^-^) ( 1 9 9 2^7^) 



ohms- 



PCT/ JP98/04427 



|gej!tf)JB^S#i?<z>#S (BB«lf»« (IPC) ) 
Int. Cl* H01C 1/148, 3/00 



St^ffofcft/MSRfl- (EBRMfrtMMS (IPC) ) 

Int. CI* H01C 1/148, 3/00 



1940-1998? 
1971-1998? 




TP, 6-22 40 1 4, A (-f iF^V^fc a yT*^ *37 — 
• ^i* . • />— n-^^x-l' b) , 12. 8J3. 

1 9 9 4 (1 2. 0 8. 9 4) , ^fl«i&DE 4 2 4 3 3 
49, A&EP, 6 0 5 8 0 0, A 

JP 1-1 2 0 8 0 1, A (*S:#4tBSdHf^f) , 12. 5 
£ 1 9 8 9 (1 2. 0 5. 8 9), #M»3fttf>«5ia (77^^ 



2-4 3 
2-4 3 



r L j «Jfefll*3BU:»IIS:«fi-f5XittXtt«lwS:iRw*tT ° rr ^ X,±ifi# !* 755 ? VN ^ , r; 



12. 11. 9 8 



B^mms-fT ( i s a/ j p) 

SJfiES^l 0 0-8 9 1 5 



SKUH3£«£0>*j£H 2 4 11 98 



fclSSS" 03-3581-1 101 



5 E 



7 3 7 1 



3 5 2 1 



«XPCT/ISA/2 10 (^2^->') ( 1 9 9 2?7£) 



^ ft m 



PCT 




(ScJB 1 2 ft, i£l&*T81&iJSB56ft) 
[ P C T 3 6 ft&tf P C T*M70) 



©«(E* P 1 70 8 8-PO 



PCT/ J P 9 8/0 4 4 2 7 



I PEA/4 16) SrpRSTOwCo 



(B.fl.^F) 01- 10. 98 



ftlm 0 2. 10. 9 7 



B&4#W#S (IPC) „ /n0 
Int. CI' H01C 1/14 8, 3/0 0 



^^^^^^^ *« fc «v*mr*. 

1? c tSwto. 16^t^P C T**MMR 6 0 7 *•■> 
d©»««H*. £We 2 2 ^-VCfcS. 



3. -©HB^M*****' R«>rt#***'- 

n □ M5te« 
IV □ 56«»^-tt»^*n 



vni □ S^m^tc^i-^S^ 



0 7.0 4.9 9 



0*H^fFJT (I PEA/ J P) 
100-8915 



2 1.12.99 



Ht£#^ 03-3581-1101 



5R 



7 3 7 1 



3 5 6 5 



«SCPCT/I PEA/40 9 (*ff) (1 9 9 8^7^) 



s 



tmm$% PCT/JP9 8/0 4 



4 2 7 



I . 



PCT8JU170. 16.70. 17) 
LJ 2-3, 5-9, 11-14, 16-2Z, 



i, 1/1. 4. 10. 15, 
23-25, 30-33, 35 
□ ffi#0*5B ft _U 1 q-?.?„ 30-31, 34-36 

«#o®b is ____ 2" 

n^OttB T 1R-18 23-25, 

28-29, 32-33, 37, 44 

S BiB * 



1 a. O 9. 9 9 . ^Sffi^^iWe^^^ 
1 3 0 9^99_ ^™ 



2. 



4. 



□ ami:. (*^'^ ^t^^^" 5 ^ 1$ 

limit* 0, TE©«lil | M*** lft « 
□ JK 



H |«*0«Sffl * __V2_ 6-27,38-43 _ 



T/IPEA/409 (HI) (1 998^7^) 



mmm^r^ P C T/ JP9 8/04 4 2 7 



V. ffatt, 3t*ttXttK*±«>*«Jffl^T«tt^oV^-C<Oi6JBl 2A (PCT3 5*(2)) tt:j£it>5 JM?, **L*«=m5 



1. MM 



«f«tt (N) 



(I S) 



fff#<D«ffi 4-2 5, 2 8- 3 7 



1-2, 4 4 



ff3fcO$&ffl 7-10, 14-17, 21-22, 24-25, 30-31 * 

m^<0^m 1-2, 4-6, 11-13, 18-20, 23, 28-29, 32-37, 44 M 



S*±©flJfflFTffitt (I A) 



ff*0«SS 1-2, 4-25, 28-37, 44 



i. XiRfttfRW (PCT«flU70.7) 

»3ft©flSffl 1"2, 4-6, 11-13, 18-20, 23, 28-29, 3 2- 
3 7, 4 4l±, H^S^^fSttb^i^l [JP, 6-2 2 4 0 1 4, A (-f^ 

(1 2. 0 8. 9 4)] 4oJ:I^[rI2 [JP, 1-120801, A (tSfc^tfcBfflK 
Vm) , (1 2. 0 5. 8 9) ] fc&m<Dh<DKm^\,*xmtt\,&ZU&<Dh<DT? 

ffifitff t&m 3 (D&m isxmnm^mm-rz r t *mKHiraii#^ 

<t<fflVNP>ixTV^5^© [ J P, 5 5- 1 1 2 8, A (fpjf Itt^tt) , (0 
7. 0 1. 8 0) -C*>!9, fS*OtfiHl-2, 4 4fi. 



«*PCT/IPEA/40 9 (SBV«) (1 9 9 8¥7^) 



0 B*fi&§W 13:09:99 



1 

w m » 

«*OI©a©{6et»i Lttts «f|B¥ 6 - 2 0 8 0 2 

ti.Ts tE3i5(0j&j7i3Bt-<^-c. 0 s ?r # i l ^ ^ ^ i ^ t 

& 2 90(a), (b)!:fc'^X, 1 It M ft L fc. jfi 2 , 3 £ W 5 
iH ^ ft 7f2 <D - :v ^ ^ . ^oA, 7^5 = Afcit^fti: 

^b&5&ft£«^-ft*^^«^#^&3or.o&iftft 1 ^ 
m as 2 , . 3 k N & «: ^ *r m <o m m *t & ^ y * m x 

^l^i-SRlKtEffi^^^^"^^*^* *S ^ 4 , 5 K *f L -C * 
365 o t v> 5 0 7 fi JS }ft ft i <0**ffls#6{'!5MtP>;ft;fc#&»*!"** 



PCT/JP98/U44ZY 

13.09. 99 



l/i 



B*g#ffrt 13.09. 99 



4 

ft t ^ W £ £ * S * ^ ** v a,J * {i B * m * 5 * S ^ h ° fC ° 

|g CD M ^ 

©est** . mnKXvKtt*"********®***'* 
r±«tt*«> ****** o 

S RI^*fe^<t5^^Mfc^ ******* 



B*S4WJf 13.09. 99 



10 



i , 



2©**1 2, 1 3 ©S^C^l 1**1. * 

2 ©**i 2. i 3©«»^ «. ». 

1 *2©»*1 2. 13*#ALT*«fci-*** 

^ ^ fo 2> 0 
10 (2Ufc0»J 2 ) 

us t ^ ^ ^ tii PI t ^ « 

i 7ro m«es¥ii^*fc»' 6 ** 1 '»««»**'* 



25 



13.09. S9 



10 



15 



20 



15 

I^WLt, fftttttt*. tfifi«* J: tf* ******* 

2tD ^3 0, 31©*32***fc«.**-tT#fi<iS 
#3^; KWUBfcS^tt* y * K # US * » & * * « 

3 0, 3 1 OfJ P & n &^ » 1 . * 2 3 0 , 

3 l (DIS^ ^-"f t> ^ v '« 



x. ffl . « . ^ ' * ' f * ^ ^ 

(D^m^ 29tH, IS 2 <D 



g|2<D^^30, 3 1 £ 
i§ 2 <D $S ^ 3 0 , 3 1 <D m £ > M 
m frb ft S & JR £ A, -C 5 5 & . 
^^30, 3 1^y*L-^£E 

2(D^^3 0, 3 1^#«tt^- 



25 



2 tf> ^ ^ 3 0 , 31 



B^m^rf 1 3.09. 93 

23 

s 9 * *#^«*<a 

&a ffi f B v <o £ JR ^ & 6 t we *> * . 
©KB***. i 

^9!Lfc*2B^*^«^ » 2H(a)"CfttW bfc* 1 • 

*^-Ctt. *«tff 5 9**1. *2«>»*6 0. 6 1 _L * « 
*tt*. nt. tttt*59i»l, *2«>«*6 0. 6 1*> 

(D««*5 9i«l. *2«>«* 6 0, 6 1 «> W 
fl*ttfl. «. A. «. lUf:#^^i3,li^l^ 
»^55», <2>***5 9**1. *2«>»*6 0. 6 1 

co t? 5 o 

( m sfe tfl i 2 > 

# R8 b ft * s h ISL 93 1~ % 0 
25 H^*^**^***^*****"***' 65 



1 5 



20 



10 



20 



25 



B#6MMW 13.09.99 



24 

. o|1 „ 2wm ^ 6 6. 6 7lt«**840««e**t 

^ ^ j. >+ . aft *ft *& V ~- b 6 5 ii jfi tit 

i7i; ^ S «t5»^b6^^' )61n#6 4i 



2 



25 

6 7»BK. Wiliffl. «■ *• »• l±A/«»**«>**" f8W 

66, SIC il(l^'^i*^»« S ' 

5 {%mm i3) 

# u & # ift w -r s o 

oW#IB 

15 s 74, 7 5ttfttt#6 8©iP5*l^t*«I^«tt^ fcS! 

****** Ht»S#68»Mfi**^«*fc» tttt * 

t 5 o 

ft^*178T?l4,aS 6 9, 7 0 »J:tf»»»76, 
77^^***^^*^^^^^ ^tt^ 6 9, 7 0, 
7 6, 7 yO^fittilBOfc^Rfc****^**^* 1 
25 »*#|fM;:#bT***l*fc****^ T * ft< * * 



B#g|#ffrT 13.09.99 



10 



30 



1 5 



20 



©ass***, m*toK***n i s 

■eRBLtlB2Hi:PI*^*5^^ 2H W i: * ,St5l8,: 

<2>tttt*9 0**1. * 1 , 93 d * « ft 

^-7f*t*Lfcll, ^45t^9 0(DrS]^^-t®^^l^^ 3 

»etfr90S:t>o<l3jgb. Ha*K*2**4tf>**92, 

1 il i: L-C, 1 . ^ 2 > ^ 3 ' * * 9 1 , 9 2 ' 

9 3, 9 4 ^1S^*9 OilitLtti^^^, 

**3. * 2 2 ati**W©HHS« 1 6 S1&«:»0>«1© 

tfl ^ i""Wf 35 0 "C 5 . 

12 2111^^1^ * 1 tfR 2 9 1 * 9 ^ , ®3 k 

l « o « * i: * o T 3 ~ * 2 l HI t 14 ft * 6 . 



31 

m. «• *■ "• ttU:l " HI 

ao****"**^ iit*»o»Meiic* i ft 

3oSf9 1, IStllUI. 9 «* 90i * 
ti3 8Sf 91 , 9 3t««tfc«. *tt#90*t>o<9 

gT , * fg SO » « tS 1 7K«*«»Ml"V't- BiSr 

# BB, L # 5 b tft 91 i" 5 . 

0*0**96, ,7t*t5**»« 5 ^***' 



-<?*>*. 9 8, 9 9liffittff 9 5 <0««e**iPI*»i ro » 
« ! 0 0, 1 0 1 .4- ft 1 ■ 9 6 ' 9 1 tn ** 



B^S^iW 13.09.99 



10 



15 



20 



25 



32 

S1 $2fflST 9 8, 9 9 *5«SC#9 sroHSCSBS 
9**96. 9 7 ^tDS:H^HJ^^6, 97 

ttMffl**********"****"*** 9 5 **** 

ii O 9J9M96^i»i^B»» lo * fil0 °' * 
**9 BO*2^9^ 9 7 **2«>**9 9 «> * 2 *> * fl 

9 8, 9 9 C»^^ ©©^L^9 5**1, *2©**9 8, 
9 ^ I* A, * * * & * 



BMflWfl' 13.09. 99 



10 



15 



20 



25 



33 

|g 2 <D ^ 9 8 , 9 9 # & 
(Il^i] 1 8 ) 

# Ki U ft ^ ^ t& p ^ 6 • 

2 4 0 (b)tt El 5 ' 

-r- i n 9 « 1 S 2 © I 1 ?L 1 0 3 ' 
f§ 2 4 gU- & T , 1 0 2 « 3» 1 . 

jg i ss2roSS*i° 5 ' l o 6 t)> as tn. w 1 



0 B#@#^Jt 13.09. 99 



35 



ft*, ffl. I2^10B. lO 6^25 0 ^^ 
*p ^ L ^ ^ fc ^ ^ > «£ «l vp> a 

U * "C ^ ^ v " • _ ^ 

®SWi«fi^ W*tf®, «■ *• »■ 14 * * 

tS5 1 , * 2 1 0 5, 1 0 6 

20 «l *2ro** 1 2, 1 3^*1 4 ****:«• *l. 

25 2> t> <£> ^ ° 



15 



B*B*fIW 13.09.99 



50 



I'. « E «■M t »«*l*>=*v^■C^4< i: t»«B»«**««»-» 4, 



10 



BW*Wfia09.99 



10 



15 



20 



51 

9. («3E«) W^fflfgT^V^ *fc< * tttEJftttffOOT^-^ 
1 2. («jE«) fl*« W 1 1^^^^ ^ ^« Wffi^- 



£ B^@#^it 13.09.99 



10 



15 



20 



52 



B&m&lfrlT 13.09.99 



53 



! 9. ■*»«■*! 8*e*v-c. »ei*WH*»««t«W«* 

2 3. <»*«) »*»«■* 1 8* K *WC. **< t *.KtHB**»««»- 



10 



BW&ttJt 13.09.99 



54 



2 4. («KE«) **< i fcWKW**®*"®- 

2 6 . (MfSO 

27. {tarn 



15 K 

5 



run iir 90/ v«*f*fc/§ 



10 



# 



33 



55 

i , CBfjE **»*IMB^--^ » ************ - <««*** 

3 s MiEtt) 2 8-*c*v^. «e*s«>*a«*t*» 



20 



25 



10 



B^WWlf 13.09.99 



56 



3 4. ********* i30«t tt 3!**^ W 

37. *K*mm***-r*i-*^**- 



25 



# 



B*@JiWfria09.99 



3 8. 
5 3 9. (fi'JBfc 

4 0. (* 
4 1 . (fi'lfifc 
4 2 . (fi'JBfc 



10 



15 



20 



25 



